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We study the deeply virtual Compton scattering off a spin-one particle, which is exemplified by 
the case of coherent scattering on a deuteron target. We discuss the role of twist three contribu- 
tions for restoring the QED gauge invariance of the amplitude corresponding to this process. We 
consider both kinematical and dynamical sources of twist three generalized parton distributions. 
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1. Introduction. 

Deeply virtual Compton scattering (DVCS) on the deuteron target has recently attracted much 
attention from the experimental point of view [jl], One of the main reasons of this interest is 
the fact that the DVCS process gives information about a new type of parton distributions, called 
generalized parton distributions (GPDs) which allow to extract much information about the quark 
and gluon structure of hadrons, particularly its spin structure and to allow a femtophotography 
of nuclei [@]. 

From the theoretical point of view, the leading twist-2 GPDs for the deuteron were defined in 
iQ] and the DVCS amplitude on the deuteron was discussed at leading order in [|6|]. However, the 
leading twist-2 accuracy for the DVCS amplitude is not enough for the study of such processes 
with significant transverse momenta, because of the QED gauge invariance breaking of the DVCS 
amplitude in leading twist-2 order in the Bjorken limit and non zero transverse final momenta. This 
problem was resolved in for a (pseudo)scalar target (pion, He'^), where it was demonstrated that 
one can restore the gauge invariance of the DVCS amplitude by taking into account the twist- 
3 contributions, related to the matrix elements of quark-gluon operators. Besides, the relevant 
additional terms provide the leading contribution to some polarization observables. Then, the same 
ideas were used and generalized for the nucleon target [^]. We here follow the approach, presented 
in [^], to make a comprehensive analysis of the twist three contributions to the amplitude of the 
DVCS off deuteron (or an arbitrary spin-one target). 

Let us start with the discussion of the kinematics and approximations which we use in this 
paper. The process we consider is 

f{q)+D{pr)^Y{q')+D{p2), 

with = —Q^ large, while q'^ = 0. At the Born level, the Feynman diagrams corresponding 
to this process are depicted in Fig. |l|. We introduce the "plus" and "minus" vectors as n* = 
A(l, 0, 0, 1) , n = 1/(2A)(1, 0, 0, -1) , n'' ■n= I. We consider the DVCS amplitude up to 
the twist three accuracy, discarding the contributions associated with the twist four and higher. The 
hadron relative and transfer momenta can be written as 

P = El±Pl =n'' + ^ n\ A = p2- pi = -2^P + 2^M^n + A^ ^ -2^P + A'^ , 

B=^P^^-^, PA = 0, = t = Al-4B^M^ ^0. (1.1) 
[Pi+Pir 

2. Parameterization of the vector and axial- vector matrix elements 

We now introduce the parameterization of all relevant matrix elements up to the twist three 
accuracy. The parameterization of the twist-2 vector correlators is standard and can be found in 
for which we will use the shorthand notation: 

{P2,h\ [va(0)7^i/a(z)]'"-2[;,i,Ai) P^HUeleux,^,t). (2.1) 
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Figure 1: The Feynman diagrams corresponding to deeply virtual Compton scattering. Notations: P ; 

in, P'^pi, /: = /t-A/2wxP-A/2, K' = k + A/2K.xP + A/2, L = ;ti - A/2 « jciP- A/2, L' \ 
ki+A/lK, + A/2. Here, k and ki correspond to the loop momenta in the diagrams. 



We now come to the discussion of the twist-3 operator matrix elements and their parametrizations. 
We parametrize the vector quark correlator as ^ 



lfw-3 



Puh)=^'^Gl.MM^) + (eyP) Gl (x, § ) + 



{el ■P)G''j{x,^)+M^ell{ei-n)Gl{x,^)+M^ {e\-n) G\ [x,^). {22) 
In the forward limit, where A = 0, one has P^ ^ p^, e^^ ^ e*^, ei^ ^ e^. Therefore, in this limit. 



the parameterizations (2J^) and (12) reduce to the parameterizations with H^{x,0), H^{x,0) and 
GI{x,0),GI{x,0). The deuteron, as a spin-one particle, has its polarization degrees of freedom 
described by the spin density matrix: e*ev = Pfiv/^ + S^v + i/ {^^)^^vapSaPp, where P^y is 
the well-known unpolarized projector, the vector represents the vectorial polarization and the 
tensor - the tensorial one. With this, one can see that the twist-2 corresponds to either the 
unpolarized or the tensorial-polarized deuteron, while the twist-3 describes the tensorial or vectorial 
polarization. 

As in ||7|], we introduce the matrix elements with a transverse derivative (detailed consideration 
of such matrix elements can be found in [^, The parameterization of the quark-antiquark 

correlator with the transverse derivative is written as the following nine terms: 



nv-3 



{P2M n^)y^idlw{z) \puh) =PA^'pb[_M,eux,^)+el'p{e,-P)bi{x,^)^ 



e\p{el-P)b^,{x,B,)+M^ell{e,-n)bl{x,£,)+M^e\p[el-n)bl{x,^] 



(2.3) 



In a similar way, we parametrize the quark-antiquark-gluon correlator of genuine twist 3, replacing 
in the r.h.s. of Eq. ( ^ ) bj {x, t, ) by B,(xi ,X2, 1^ ). 



The twist-2 axial- vector correlator is also standard one and can be parametrized as in [|5|] by 

{P2M\ [W)yny5W{z)r'^\pi,h) = -ie*2„^^l';^{n\n,AT)e,pHf{x,^,t). (2.4) 

In the forward limit, the twist-2 axial-vector correlator corresponds to the case where the deuteron 
has the (longitudinal) vectorial polarization. For the twist-3 correlators, we have, using the Schouten 



the symbol = denotes the Fourier transformation with the measure: dx exp{—i{xP — A/2) -z}, while =" corre- 



sponds to the integration with dx\dx2 exp{— — A/2) ■ zi — i{x2 — xi )P ■12}- 
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identity to determine the Lorentz independent structures, 

i{p2M[mr,r5¥{z)r''\puM)'=s,,,p,r{el-P)Gi{x,^) + e^^^^^^ 

+ e^„p,r {el-n) Gi (x, ^ ) + e^,p,^r{e, . (x, ^ ) + ^ c^a.p^ {ei ■ P)Gi{x,^) + (2.5) 

E/jArP^^'i ■nG'^{x,t,) + e^A^Pe^ e*2 ■ flGj (x,^) + e^A^ne%ei ■ P Gi{x,t,) + M'^ e^Ajne, e*2 ■ nG^{x,t,) . 

Again, in the forward limit, these twist-3 correlators are related to the tensorial or (transverse) 
vectorial polarizations of deuteron. The matrix element of the twist-3 operator associated with the 
quark-antiquark operator containing a transverse derivative reads 



jr. 



i{P2M ['/^(0)7Ai75'5p W{z)\ \p\,h) = PnYpnPe\{(^*2-P)4 {x , ^) + E p„p,,^ {e i ■ P) dj {x,^) 
+ ^pnPe\ (4 ■ n) 4 Ep^p^^T (ei • n) dj {x,^) + ^ Ep^^Pe-^ (ei • P) 4 {x, § ) 
+ EpAjPeie],-ndl{x,E,) + EpA^Pe,e*2-ndj {x,^) + EpArne^ei -Pdlix,^) 

+ EpArne, e*2 -nd^ix,^)}. (2.6) 



From ( |2.6| ), it is not difficult to parameterize the three-particle correlator with the genuine twist-3. 



3. Gauge invariant amplitude of DVCS on the deuteron target 

Taking into account both kinematical and dynamical twist-3 contributions and using the QCD 
equations of motion relating the twist 2 and 3 (see [^), the gauge invariant expression of the DVCS 
amplitude takes the form: 

(Ai,A2) 

2P-QJ '^'^x-^+iE 



4^'^ = f dx i— ( ^il^ + ^^l^ + ^^'^ + .^^'^ \ + 0{^\■ M^) + -crossed" 



(3.1) 



where Q = {q + q')/2 and the structure amplitudes 3^^'^ read 



^!iv = Hl.,5 ^1 > 4) l^^^P^Pv + P^Qv + PvQn - 8^v{P • Q) + \P^K - \Py^l ) + 
Gl..,5 ix;ei , el) {^Pv^l + 3§pX + Gv + KQi^ + 
(^\e,-n){el-n)G^,{x) - ifi-^i-^G^C^) - {e*2-P){e, ■n)Gi{x)- 
{e, ■P){e*2-n) {G^{x) - Gi{x))^ [^^P^^l - ^Py^l- ^lQ, + ^lQ^ , 

=({ei-P)Gl{x)+M\ei-n)GUx)] Upyef^ + S^P^eH + e*2lQy + e*2lQA + 
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^il^=(^{e*2-P)G^{x)+M\e*2-n)Gl{x)^ (^^PveJ^ + 3^P^eJ^ + eJ^Qy + eJ^Q^^ + 
(^{el ■ P)Gi{x) +M\el ■ n)G^(x)^ (^S^P^^v - ^^v^m - ^^Gv + e^^^j 

^ enPA^el (4 ■ P) Hi {X,^) + e„p^T,,T (ei-n) Hi (X, ^ )^ 

In conclusion, we have taken into account both the kinematical and dynamical twist-3 contri- 
butions in order to derive the gauge invariant amplitude of the deeply virtual Compton scattering 
off a spin-one particle (deuteron). 

The authors would like to thank A.V. Efremov, D. Ivanov, L. Szymanowski, S. Wallon for 
useful discussions and comments. This work is supported in part by the contract 18853PJ, the 
RFBR (grants 09-02-01149, 09-02-00732) and the Carl Trygger Foundation. 
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